. To address by similar means the physiological teinase we generated MT1-MMP-deficient mice by role of MT1-MMP, we generated mutant mice deficient gene targeting. MT1-MMP deficiency causes craniofain MT1-MMP activity. We demonstrate here that MT1-cial dysmorphism, arthritis, osteopenia, dwarfism, and MMP deficiency gives rise to a set of severe, generalized fibrosis of soft tissues due to ablation of a collagenoconnective tissue abnormalities by impairing an essenlytic activity that is essential for modeling of skeletal tial collagenolytic activity. mice and germline transmission of the targeted allele and after day 50 experienced progressive wasting, patchy hair loss, reduced mobility, kinking of the wrist, was obtained with chimeras derived from both clones ( Figure 1B) . Interbreeding of heterozygous mice gave and hyperlordosis/hyperkyphosis ( Figures 1D and 1E) . The mutant mice showed no signs of sexual maturation, rise to the expected Mendelian distribution of homozygous mutant mice (MT1 Ϫ/Ϫ ), heterozygous (MT1 ϩ/Ϫ ) mice, and most of the animals died between days 50 and 90. In most, if not all cases, death occurred due to wasting. and wild-type (MT1 ϩ/ϩ ) mice. RNA prepared from total neonatal MT1 Ϫ/Ϫ tissues and probed with exon 1-or Heterozygous mice appeared indistinguishable from wild-type littermates. Thus, deleterious effects of any exon 6-9-specific probes showed no transcripts of the size or intensity characteristic of MT1-MMP mRNA from protein translated from the low levels of aberrant size message detected by Northern blot did not account for wild-type or heterozygous littermates ( Figure 1C) 2D-2F). Osteopenia became increasingly apparent and by cartilage primordia (Kaufmann, 1998). We identified a distinct anomaly in postnatal development of these bone mass was severely reduced in animals aged 40 days or older (Figures 2G-2J) . Concurrently, MT1-MMPprimordia in MT1-MMP-deficient mice, which also helped to more clearly define the normal process govdeficient mice developed severe generalized arthritis ( Figures 3A-3F ). All joints showed overgrowth of a hyerning ossification. To our knowledge, this process has not previously been fully described. The postnatal develpercellular, vascularized synovial tissue and destruction of articular cartilage, resulting in ankylosis ( Figure 3E Osteoblasts located at or near bone surfaces were dismice demonstrated that the expression level of type I and type II collagen was equivalent in all animals (data placed into the dense fibrotic periosteal matrix and frequently showed abundant coarse cytoplasmic inclunot shown). We therefore concluded that excess collagen deposition was unlikely to be caused by increased sions containing collagen fibrils (Figures 6J-6L) . Northern blot analysis of total RNA from wild type and mutant expression. Inability to degrade and remodel unmineralized collageseverely impaired to the extent that coordinated growth of the bone/soft tissue unit was compromised. As the nous matrices at sites that normally express MT1-MMP in the developing mouse emerges as a common denomisoft tissues failed to remodel, the bone surface at the soft tissue insertion sites became a target for excessive nator for these abnormalities. Consistent with these observations, cells derived from MT1-MMP-deficient aniosteoclastic bone resorption. Since bone is the only structure that can be efficiently remodeled in mutant mals have lost an indispensable collagenolytic activity against type I/II collagen-rich matrices. Our findings thus animals, we propose that increased bone resorption vis-à -vis the development of soft tissue fibrosis constitutes illustrate the pivotal and indispensable role of this collagenolytic activity in stromal remodeling and in the devela partially successful compensatory response enabling continued growth. opment, growth, and maintenance of connective tissue structures throughout the body.
Impaired Remodeling of Periskeletal Soft Tissues MT1-MMP Is Essential for Growth Plate Function and Secondary Ossification Gives Rise to Compensatory Osteoclastic Bone Resorption to Accommodate Growth
Endochondral bone formation at metaphyseal growth plates involves coordinated removal of calcified cartiThe skeleton is a major target for adverse effects of MT1-MMP deficiency (reduced longitudinal growth, cranial lage by osteoclasts and subsequent replacement by bone deposited by osteoblasts. This process is essendysmorphism, osteoclasia, and osteopenia). None of these effects, however, reflect any detectable impairtially normal in MT1-MMP-deficient mice throughout prenatal development and even for some time after birth. ment of the osteoclast-mediated degradation of bone or calcified cartilage matrix. Rather, bone resorption and We therefore conclude that the complex developmental program required for proper growth plate function osteoclastic activity are greatly increased in MT1-MMPdeficient mice. This is in agreement with the notion that 
